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(54) SOLID ACTIVE CARBON 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a solid active carbon having a practical electrostatic 
capacity, excellent in mechanical strength and durability and suitable as various electrode 
materials, by constituting the active carbon so that the ratio of pore volume of a pore size not 
larger than a specific value to total pore volume is a specific ratio or above in pore distribution 
obtained from an argon adsorption isotherm and the capacitance is a specific value or above. 
SOLUTION: This solid active carbon comprises active carbon powder or active carbon fiber or 
a mixture thereof and a carbonized product obtained by heat treating a carbonizable resin 
added as a binder. Pore volume of <15 &angst;pore diameter in pore distribution of the solid- 
like active carbon obtained from an argon adsorption isotherm (HK) is >65% based on total 
pore volume and electrostatic capacity in low electric current discharge of 30 mA/cm2 is >20 
F/cc. Palm shell-based active carbon is preferably used as the raw material and the specific 
surface area is selected according to the desired electrostatic capacity and an active carbon 
having 1500-2500 m2/g specific surface area is preferably used as a polarizing electrode for 
electric double layer capacitors and phenol or Teflon (R) is preferably used as the binder. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention An electric double layer capacitor and small mass 
capacitors including a lithium ion battery, It is related with the solid form active carbon 
generally widely applied as porous activated carbon used for the filtering media the electrode 
material used for various cells, such as a backup power supply, a power supply for vehicles, 
and auxiliary power, or gas adsorption material and the object for waterworks, the object for 
foodstuffs refining, for wastewater purification, etc. 
[0002] 

[Description of the Prior Art] In recent years, although application to the various applicable 
fields which paid their attention to the characteristic is considered, especially, activated carbon 
is taken up as a porous carbonaceous material a small mass capacitor and for the electrode 
materials of various cells, and is examined variously. 

[0003]The polarizable electrode which makes carbonaceous of this activated carbon a subject, 
. Used the electric double layer which makes contain an electrolyte and is formed by both 
interface between these polarizable electrodes. It is used abundantly as an object for electric 
double layer capacitors which has the electric capacity which attains to one 1000 times the 
number per unit volume of this as compared with the conventional capacitor, This electric 
double layer capacitor is developing the demand quickly with development of the electronics 
field, such as being applied to auxiliary power, such as a small memory backup power supply 
and a mass motor, from having a function of both a capacitor and a cell. 
[0004]As said electrode material, the solid form active carbon of the porosity generally applied 
widely is used, and at the beginning as such solid form active carbon, For example, what 
kneaded carbonaceous, such as activated carbon and carbon black, and organic resin, such 
as a fluorine polymer, and was fabricated by publicly known molding means, such as roll 
diffusion bonding, to the sheet shaped was used. 

[0005] However, as an electrode material of a capacitor or a cell, In order to satisfy the 
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performance of especially high electric capacity and low internal resistance and to satisfy the 
demand of a miniaturization of the electronic parts of these days, To excel in nearby 
endurance and a mechanical property as a general object for filtering media with it being hard 
to cause a crack, breakage, etc. with the porous body structure in consideration of the 
minimization of volume to prescribed capacity and the impregnating ability of the electrolysis 
solution etc. is demanded. 

[0006]Although especially the electric capacity of an electric double layer capacitor is governed 
by surface area of a polarizable electrode, electric capacity per unit volume, resistance of an 
electrode, etc. in which an electric double layer is formed, there are the size and relation of ion 
in the electrolysis solution which forms an electric double layer, and the specific surface area 
of micropore is considered to influence electric capacity. 

[0007]Therefore, since the electric capacity per electrode unit volume was increased, it was 
needed that it is activated carbon of the porosity which enlarged specific surface area in the 
range which spoils neither endurance nor a mechanical strength. 

[0008]Then, in order to satisfy said many demands, mix and carry out pressure sintering of 
active carbon particles, the carbon fiber, etc., or. Or carry out injection molding of the mixture 
of activated carbon powder and powdered phenol resin, and heat-treat it, or, Or the prepreg 
sheet which adds a pulp fiber etc. to an activated carbon fiber, and mills paper, or uses 
activated carbon powder, a cellulose fiber, etc. as the main ingredients is stuck by pressure, 
Calcinate or the mixture of activated carbon powder and phenol resin is formed in the shape of 
a substrate, Heat cure of the mixture of the spheroidal carbide and thermal reaction type 
spherical phenol resin which heat-treated in the non-oxidizing atmosphere, or carbonized 
hardened type spherical phenol resin, and were obtained is carried out, Subsequently, after 
heat-treating by an inert atmosphere, the various solid form active carbon by various 
processes, such as carrying out activation treatment, is proposed (refer to JP,8-1 19614.A, 
JP,6-69075,A, JP,5-129157,A, and JP,3-201516,A). 
[0009] 

[Problem(s) to be Solved by the InventionJHowever, when said solid state activated carbon 
measures the electric capacity by a constant-current-discharge method, When it was lower 
than the electric capacity predicted from the rate of activated carbon and various organic resin 

or having been discharged by the low current about 30 mA/cm 2 , only 20 or less F/cc of electric 
capacity were obtained, but there was a technical problem were inapplicable in the electrode 
material of the electric double layer capacitor which needs high electric capacity. 
[0010] 

[Objects of the lnvention]Accomplished this invention as a dissolution plug and said technical 
problem the purpose, The electric capacity predicted from the rate of activated carbon and 
various organic resin is fully pulled out, It has practical electric capacity and is in obtaining solid 
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form active carbon applicable to the various application which was moreover excellent in 
endurance with a large mechanical strength, and solid form active carbon especially suitable 
as an electrode material of an electric double layer capacitor or the various cells for auxiliary 
power. 
[0011] 

[Means for Solving the ProblemTThis invention persons fabricate wholeheartedly a mixture 
which comprises various activated carbon materials and carbonization nature resin of porosity 
which enlarged specific surface area in the range which spoils neither endurance nor a 
mechanical strength to said technical problem as a result of research, By carrying out the 
carbonization unification of this Plastic solid in a non-oxidizing atmosphere, and controlling 
pore distribution of solid form active carbon, electric capacity at the time of low current 
discharge was high, and it had practical electric capacity, and found out that solid form active 
carbon excellent in a mechanical strength and endurance was obtained. 
[0012]Namely, in pore distribution measurement which asks for solid form active carbon of this 
invention from argon adsorption isotherm by the Horvath-Kawazoe method (it is hereafter 
written as the HK method), When capacity with a pole diameter of 15A or less occupies not 
less than 65% of whole pore volume and measures the electric capacity by a constant-current- 
discharge method of 30 mA/cm 2 , cc is shown in 20 or more F /. 

[0013]Said solid form active carbon is the optimal also as a polarizable electrode of an electric 

double layer capacitor. 

[0014] 

[Function]Capacity with a pole diameter [ in the pore distribution which asks for the solid form 
active carbon of this invention from argon adsorption isotherm ] of 15A or less is not less than 
65% of whole pore volume, And from the electric capacity measured by the constant-current- 
discharge method of 30 mA/cm 2 being 20 or more F/cc. There are many portions to which the 
trap of the sulfate ion in an electrolysis solution is carried out, and, moreover, 15 A is a size 
moderate although a trap is efficiently carried out from the size of said sulfate ion being about 
3A. 

It can be considered as the multiple-purpose solid form active carbon which was considered to 
have high electric capacity and was excellent in the mechanical strength and endurance with 
large electric capacity at the time of low current discharge as a result. 

[0015]On the other hand, when said solid form active carbon is used as the polarizable 
electrode of an electric double layer capacitor, the ratio of activated carbon becomes large and 
the small electric double layer capacitor has practical electric capacity and the inner electrical 
resistance of the electrode excelled [ electric double layer capacitor ] in efficient endurance 
with an easy low structure is obtained. 
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[0016] 

[Embodiment of the lnvention]Hereafter, the solid form active carbon of this invention is 
explained in full detail. The solid form active carbon of this invention is what comprises 
activated carbon powder, an activated carbon fiber or activated carbon powder and an 
activated carbon fiber, and the carbide that heat-treated the publicly known carbonization 
nature resin added as a binder, When pore volume with a pole diameter [ in the pore 
distribution of the solid form active carbon for which it asked from argon adsorption isotherm 
(the HK method) ] of 1 5A or less is less than 65% of whole pore volume, Or when the electric 

capacity at the time of low current discharge of 30 mA/cm 2 is less than 20 F/cc, it becomes 
unsuitable as a polarizable electrode of an electric double layer capacitor. 
[0017]Therefore, it is needed that pore volume with a pole diameter [ in the pore distribution of 
the solid form active carbon for which it asked from argon adsorption isotherm (the HK 
method) ] of 1 5A or less is not less than 65% of whole pore volume, and the electric capacity 

at the time of low current discharge of 30mA[/cm ] 2 is 20 or more F/cc. 

[0018]ln the solid form active carbon of this invention, in particular said activated carbon 

powder or the activated carbon fiber that are raw materials may not be limited, any, such as a 

coconut husks system, a Carboniferous system, a woody system, may be sufficient as them, 

and their coconut husks system is the most desirable in respect of cost and adsorption 

capability. 

[0019]The activated carbon powder of said raw material should just choose the specific 
surface area with the target electric capacity, That whose specific surface area is 1500- 

2 

2500m /g when using for the polarizable electrode for electric double layer capacitors 
especially is preferred, and when using an activated carbon fiber, that whose specific surface 

area a fiber diameter is 1 000-2500m 2 /g in 6-18 micrometers is preferred. 
[0020] If the carbonization nature resin added as a binder is publicly known organic nature 
resin, it can apply either and is not limited in particular, but from a point of a moldability or the 
intensity of the solid form active carbon obtained, phenol or Teflon, coal tar, a polyvinyl butyral, 
etc. are preferred for it. 

[0021] Next, an example of the manufacturing method of the solid form active carbon of this 
invention is described. To activated carbon powder and/or activated carbon fiber 100 weight 
section, phenol or Teflon, publicly known carbonization nature resin, such as coal tar and a 
polyvinyl butyral (PVB), - at least a kind at a rate of 20 to 200 weight section, [ mix and ] A 
doctor blade method and a tape-forming method after preparing slurry or a granulated body 
from this mixture and producing the charge of shaping material, Or in advance of carbonization 
heat treatment, aging processing is performed for the Plastic solid fabricated by the molding 
method with publicly known compression moulding technique, roll diffusion bonding, or 
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molding method that combined them etc. at the temperature of 150-300 ** among the 
atmosphere. 

[0022]Carbonization nature resin can hold the intensity of solid form active carbon highly in a 
small quantity, and the fine pores of activated carbon itself are made hard to plug up, and this 
aging processing does not reduce the surface area, but can pull out the characteristic of 
activated carbon to the maximum extent. 

[0023]Subsequently, carry out carbonization heat treatment in a non-oxidizing atmosphere, 
and carbonization nature resin in a Plastic solid is carbonized, and the calcination unification of 
said activated carbon powder and/or an activated carbon fiber, and the carbide of 
carbonization nature resin is carried out, and solid form active carbon is obtained. 
[0024] In order to advance sintering of the neck part of activated carbon powder or an activated 
carbon fiber and to make sufficient intensity hold, its temperature of 800-1200 ** is desirable, 
and its temperature which is 800-1000 ** is especially the optimal while said carbonization heat 
treatment temperature fully advances carbonization of carbonization nature resin. 
[0025] If said carbonization treatment makes temperature high or carbonization time is 
lengthened, although intensity will improve, since it becomes the fall of whole pore volume and 
the electric capacity at the time of low current discharge falls, It is important to choose 
carbonization treatment conditions so that it may double with a use and may have suitable 
pore distribution from balance in intensity and electric capacity. 

[0026]Fabricate the solid form active carbon of this invention to a sheet shaped by doctor 
blade method, the calendering roll method, etc., and consider it as activated carbon boards, or, 
It can be considered as various shape, and combining them. [ fabricating by various press- 
forming methods to block like shape ] [ considering it as rod form or tubed by an extrusion 
method ] 

[0027] By heat-treating under a non-oxidizing atmosphere being also possible, and laminating 
and bonding two or more sheet-shaped Plastic solids by thermo-compression, or joining with 
adhesion liquid, adhesives, etc., after carrying out the plural laminates of said sheet-shaped 
Plastic solid, It also becomes possible to offset the mutual direction of curvature and to reduce 
generating of the curvature at the time of heat treatment. 
[0028] 

[Example]The solid form active carbon of this invention was evaluated as follows. First, a BET 
value receives coconut-shell-activated-charcoal powder 100 weight section of 1000m 2 /g, 

2 2 

1500m /g, and 2000-m /g, The screen exception carried out the granular material obtained by 
preparing 100 weight sections and mesophase so that it may become 20 weight sections, and 
agitating PVB with a high-speed agitation mix machine with the sieve of 40 meshes, and the 
raw material for shaping was produced. 

[0029]Next, press forming or after carrying out roll forming and acquiring a plate-like Plastic 
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solid, hold this Plastic solid for the obtained raw material for shaping at the inside of the 
atmosphere, and the temperature of 200 ** for 48 hours, and perform aging processing, and it 
ranks second, Carbonization heat treatment was performed among the vacuum by each 
temperature and retention time which are shown in Table 1, PVB and mesophase were 
carbonized and the activated carbon boards for evaluation (70 mm long which are a complex 
of activated carbon and carbon, the side of 50 mm, and 1 mm in thickness) were produced. 
[0030]About the activated carbon boards for evaluation obtained in this way, pore distribution 
was measured from the argon adsorption isotherm (the HK method) which used the product 
ASAPPUmade from Shimazu-micro MERITIKKUSU 201 0M type, and the pole diameter 
searched for the rate with a pore volume of 15A or less. 

[0031 ]The pore distribution searched for from the argon adsorption isothermal curve of the 
sample number 2 which is typical solid form active carbon of this invention is shown in drawing 
1. 

[0032]The activated carbon boards for evaluation were used as the electrode of an electric 
double layer capacitor, and among 40% of the weight of sulfuric acid solution, after charging 
for 30 minutes on the voltage of 0.9V, the electric capacity per electrode unit volume (F/cc) 

was calculated by the constant-current-discharge method of 30 mA/cm 2 

[0033]On the other hand, according to JIS-R-1601 standard, three point bending intensity was 

measured using the activated carbon boards for said evaluation. 

[0034] 

[Table 1] 
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[0035]As shown in a table, the sample number 1 which is outside the generic claim of this 
invention, To whole pore volume, although the pore volume of 15A or less is not less than 
65%, Measurement of electric capacity cannot be performed at the time of low current 

2 2 

discharge of 30 mA/cm , And with 1Q8g[/mm ] , flexural strength is also low and, similarly in 
the sample numbers 16, 19, 20, 23, 24, 28, 30, and 31 . The pore volume of 15A or less will be 
less than 65% to whole pore volume, and its electric capacity at the time of low current 

discharge of 30mA[/cm ] is also low in 20 or less F/[ cc and ], To being unsuitable as multiple- 
purpose solid form active carbon including the polarizable electrode of an electric double layer 
capacitor, by this invention, the electric capacity at the time of said low current discharge is all 

large enough, and flexural strength also shows more than 382g[/mm ] 2 



http://wvvvv4.ipdl. inpit.go.jp.^ 8/7/2008 



JP,1 0-28741 2,A [DETAILED DESCRIPTION] 



Page 8 of 8 



[0036] 

[Effect of the lnvention]As explained in full detail above, according to the solid form active 
carbon of this invention, the electric capacity measured by the constant-current-discharge 

method of 30 mA/cm 2 is large, Solid form active carbon with the flexibility excellent in 
endurance with a large mechanical strength is obtained, When it is especially suitable as an 
electrode material of an electric double layer capacitor or the various cells for auxiliary power 
and the solid form active carbon of this invention is used as a polarizable electrode, The 
surface area which touches an electrolysis solution as an electrode increases, and since the 
cable run which an electric charge passes also increases, the small electric double layer 
capacitor which was excellent in efficient endurance with an easy structure of having practical 
electric capacity can be obtained. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 -This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]Solid form active carbon, wherein electric capacity which pore volume of 15A or less 
is not less than 65% of whole pore volume, and a pole diameter measured by a constant- 
current-discharge method of 30mA[/cm ] 2 in pore distribution searched for from argon 
adsorption isotherm is 20 or more F/cc. 

[Claim 2]The solid form active carbon according to claim 1 using said solid form active carbon 
as a polarizable electrode of an electric double layer capacitor. 



[Translation done.] 



http://www4.irx3l.inpit.go.jp/cgi-bin/tran web_cgi_cjje?atw_u=http:/^ 8/7/2008 



JP.l 0-28741 2,A [DRAWINGS] 



Page 1 of 1 
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JPO and INPIT are not responsible for any 
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DRAWINGS 



[Drawing 1] 



a. 2 
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[Translation done.] 
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[ooi3] tfz. msm^mminsszMM^y 

[00 14] 

[mffl] *ffe0J!^il^vSttMi±. 7;u=*>iRtf^&tS 
fr^ftsm^fifctilt* l 5 AOT<0«?LS<0«« 
jfi^MRLSSW) 6 5 %JiLhT , ^3 0mA/cm ! (7) 
5£«i6J^^)£Lfc»*£Jfc& i 2 OF/c cBUtT 

[0015] MB®^«vStt^^mmz*Ji3y 

[00 16] 

mmcommmm] jtf. ^mmmmmmz^ 

Lfc#ffc&fcj&»&j£5ttf)"C, T^d>P^#^S|| (H 
Kg-) ^^Sfc^lI^iSttMCOWL^^^fcttl) 1 5 

*4^li3 0mA/cm2 Offim*KlB#0#« 
8*i&*2 OF/c c*»co%&fc:{i, ^ZMJl 3 yf' 

[00 1 7] MoT. 7Ar?->©l^S|g (UK;*) 

OmA/cm^ ^ffil?M«B#c0f?m^i^' 2 0 F/c 
[0018] *^a^llffMw§ttM(;feV^. JSCS?* 

S®fits6*l 5 0 0-2 5 0 0m 2 /gtftS t> OMflBBS 

r //.mT-hh^rSi^'/pi o n n — ?. s n n m 2 /eT'#»2. 



[ o o 2 o ] aw yy-t ixwasaztimm. 
fflita . ^fflo«ttitiiT-$>ii(f i yftix- 1 set 

[002 1 ] fcfc, *!|Bjoil^«SttM^Mii*ffiO 

-W£s$*s. mmmrnxf/ximmm^i 0 0 

;k #'Jt'-;W7-^ (PVB)f, 
WM<ryJ*fr< th-m &20-2 0 0fiMi5offJ-^tiI 

l k ? ^ -7>- FW&T-ymm. 

izb^tzmmwn&mm$mx-fmiKmm$z 
i\$&m£%±*>. 150-3 0 oTwaurc 

[0022] j&^&x-^y^JKi, MtttfflSI^ 
[0023] ^Iftttil^+tiiM 

[0024] lulEMt:»I^{i. US^ttffiJil^t 

fcftfc:l48 0 0-1 2 0 0TO»1J t < , 

0 0-1 0 0 0 o C(7)fflg^'ft3iT-|)l»„ 

[ 0 0 2 5 ] lufE^WSJi^&ft < Ufc 0 . 

•f&ztmmxfoh. 

[0 0 26] ^j. *ffeBB«OH?TOStt^»i. F^^ — 
7V- Hffi^ u y^-p-;k^fc «fc 0 y- b^tjt 
»LTSttK«k Lft "9 . #Sryxj5g»aT7n y 

^ttfcjac^Lfco, hh^m&mzmt<z£*)wm?m 

[ 0 0 2 7 ] set . itrtay- M£tfyf?*£«iHf 1 u«: 
^lt€tt#HMTT«)l-r-i> - i: «rtir* 0 . 

LT»1^«M "9 COUPS' ffi«tl> i 1 1 
rnn^Ri 



